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Neutrino physics has entere<.l exciting times. In this tirnely review we discuss the recent status 
of the phenomenology of neutrino masses. 
1. INTRODUCTION 
Reccnrly Lhe particle pbysics communLty was hocked wiU1 breatl1taking 
n ws fr m the neutrino sector: Neulrin() oscillations huve becn onfìrrned 
finally in the. upcr-Kamiokan le I 1J experirnent. Now for lh fu:s t tim , 
ongoing and future experiment! in neuLrin <. cillati ns (Super-Kami-
okamle Borexin , N MINOS. KAMLAND, MLNJBOONE, ... ) and 
double beta decay (H id lberg-Moscow, NTUS, ... ) t gether can ai m to 
so.lv the neuu"ino mass puzzi . 
IL was in l 30 when Wolfgang Pauli (fig. l) wrot his fomous leuer 
ac.lress ci as Liebe radioaktive Danien 1111d /-le.rren {Dear radioa ·tive 
Ladies and Geml ,men) whcre he inf rmcd tbc participant of a nuclear 
phy. ics worksh p in Ti:ibingen about hi ab. ence (h preferred to partici-
pate in il dance pa1ty) and p stulatecl Lh neuLrino Lo sol ve the problem of 
energy non nscrvati n in lhe nuclear beta decay. ln 1956 Lh neutrino 
was observed for thc first time by lyde owan and red Reines in Los 
Alamos, who originally planned t piode n nuclear bomb for Lheir exper-
iment [2]. Finally, two years ago, the uper-Kamiokande xperi ment, a 
50,000 Lon water tank viewcd by more ù1an J l 000 pboto mulliplier. 1.000 
* Corresponding Author. 
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FIGURE 1 The man who proposed it and an impression of its potential cosmologica] conse-
que~ces: "Yolfga~g Pa~li (nobel prize 1945, left pane! [4]) first thought about a neutra] light 
parucle bemg emitted m nuclear beta decays. Clouds of interstellar gas (right pane] [5]) act as 
a buthplace for new stars. Neutrinos may be important for the formation of structure in the 
early universe 
meter underground below a holy mountain in Japan, announced a signifi-
cant signal for neutrino oscillations and established a non-vanishing mass 
of the neutrino as the first experimental signal of physics beyond the 
standard model. However, in spite of these successes, entering a new mil-
lenium the neutrino is still the most mysterious of the known particles. 
Alternatingly compared with spaceships travelling through the universe, 
ghosts penetrating solid rocks and vampires missing a mirror image [3], it 
still inspires the phantasy of hundreds of adventurous particle, nuclear and 
astro physicists being motivated by the hope, the neutrino could act as a 
key to the old human dream of a final theory, describing all particles and 
forces in a unified framework, and to a deeper understanding of the fate of 
the universe. 
The attributes, making the neutrino this kind of outlaw among the 
known particles, are the following: 
• The neutrino seems to possess an at least million times smaller mass 
than the lightest of the remaining particles, the electron. While in the 
standard model the neutrino was introduced as massless "by hand", 
this feature is especially problematic in unified theories, where the 
• 
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common treatment of neutrinos and charged fermions in extended mul-
tiplets implies them to have (Dirac) mass terms of the same order of 
magnitude as the other fermions. 
Among ali fundamental fermions the neutrino is the only one being 
electrically uncharged. Thus the neutrino interacts a billion times less 
often than an electron and may penetrate the entire earth without even 
be deviated. This is the reason why neutrinos, in spite of their tiny 
masses, may be that abundant that they contribute substantially to the 
mass of the uni verse, about twenty times more than the mass of all vis-
ible stars in the sky, and may influence the evolution of the universe, 
e.g. the growth of structures, in a significant way. 
The basis for an understanding of these features relates them to each 
other and was proposed in 1933 by the Italian theoretician Ettore Majorana 
[6], one year before he dissappeared under mysterious circumstances. 
Majorana found out that neutrinos, due to their neutra! charge, can be iden-
tica! *with their antiparticles, triggered by a new, so-called Majorana mass 
term . In 1979 T. Yanagida and independently Murray Gell-Mann (nobel 
prize 1969), P. Ramond and R. Slansky found out that these additional 
Majorana mass terms may cancel almost totally the usual Dirac mass 
terms in the so-called "see-saw mechanism" [7], yielding a natural expla-
nation of the tiny neutrino masses. This would require the existence of 
right-handed heavy neutrinos as they are naturally predicted in 
"left-right-symmetric" unified models.t The exact value of the mass then 
is correlated with a higher energy scale predicted by the underlying unified 
gauge group, and offers one of the rare possibilities to test these theories, 
since most of the predictions are observable only at very high energies, 
which are lying beyond the reach of present and future accelerators (see 
fig. 2). The question to experimentalists thus remains: What is the mass of 
the neutrino? The following review will outline the way to answer this 
question, concentrating on two experimental approaches, yielding the 
complementary pieces to solve the puzzle: Only both neutrino oscillations 
and neutrinoless double beta decay together could solve this absolute neu-
trino mass problem. 
* In fact also pure usual "Dirac" mass terms for the neutrino are possible but are disfa-
vored in most fondamenta! theories. 
. t Alternative ~echanisms motivate neutrino masses at the weak scale, a famous example 
~s R-panty v10~atmg super~ymmetry, see e.g. [8], where neutrino masses provide a window 
mto deep relauons of parbcles and forces. Also gravity induced non-renormalizable mass 
terms can play a role in string-motivated scenarios, see e.g. (9]. 
A72 H.V. KLAPDOR-KLEINGROTHAUS and H. PAS 
Tod1y t 0 
Llle on euh 
G1l1xy lorm1tlon 
Epoch of gravltalonal collapr.e 
Recombln1tton 
Rellc11dlal'on decouple&(CBR) 
M &Iter dom ln1tton 
Onnl ol gmillU001J ln•tabilily 
Nucleo1ynlhesl1 
Lighlelemenl• aealed ·D. He, LI 
Quuk-h1dron tr1n1ltlon 
H1dron• ID!m · proton; l neu~oo• 
El1ctrowe1lc ph1H lr1n1lllon 
Eledom19nellc l we1k nuclou 
lorce1 become dlllerenhled: 
SU(3).SU(2)xU(1)-> SU(3)JLJ(1) 
The ParHde D or.eri 
~loos. ;uperoym m elry? 
Gr1n d u nlllc11lon trualtlon 
G -> H -> SU(3)1SU(2)1U(1) 
lnflalon. b1ry09ene•l1. 
mooapolos. co•mlc ;~lng" aie.? 
Th e PI.ne le epoch 
The quantum gravlty barrler 
CMB (MAP&PLANCK) 




FLG RE2 'l'hc liglu 11euLrino mn~s cnn h • 1· ·lnted ltl n ct>rrcsponuing large mass scale in uni-
lìuu L11eorie-•. e.g. in 11ie scc-saw rncchnnism. This w11y 1hc lwnt for n · u1ri110 nrnsscs nffers n 
uniquc pussibi llly 10 ncces~ physi ' at cncrgy scalcs beyon I the n:nch or running :md future 
11ccclcr111ors, which hHs hcen rc:11izéu only ~honly uflcr thc hig hung. A neutrino mnss of O. I 
cv - 0.00 I e V corrcsponcls. vin the muss t F it heavy rig h1-ha11clcd partner, t cnl'rgics of' 
I 010 GeV or more, 1iny rractions ur n xccond aftcr thc b1g bung (background rrom l 1 OJ) 
QUEST FOR NEUTRINO MASS SPECTRUM A73 
2. NEUTRINO OSCILLATIONS 
The fact that neutrinos are massive has finally been established by neu-
trino oscillation experiments. Neutrino oscillations are a quantum mechan-
ical process based on mixing between the three neutrino flavors, which is 
possible if the flavor (interaction) eigenstates Va do not coincide with the 
mass eigenstates vi. The flavor eigenstates are thus given by a superposi-
tion of the mass eigenstates: 
3 
Va = L Uailli 
i=l 
(1) 
In that case a neutrino, which is emitted as a flavor eigenstate va in a weak 
reaction, propagates as a superposition of the three mass eigenstates. If 
these mass eigenstates are non-degenerate, they trave! with different 
velocities and the composition in eq. (1) is getting out of phase. With a 
probability, which is a function of the mass squared differences 
6.m2 = m; - m] and the mixing Uai• after a certain distance the neu-
trino interacts as a different mass eigenstate Vp;ta (see fig. 3). Obviously 
neutrino oscillation experiments cannot give any information about the 
absolute mass scale in the neutrino sector, but yield informations about 
mass (squared) differences, only. Since the probability oscillates with the 
propagation distance, this phenomenon, which was predicted by Bruno 
Pontecorvo, after he disappeared in 1950 from England and later showed 
up again in Russia, is called neutrino oscillations [11]. 
Up to now, hints for neutrino oscillations have been observed in solar 
and atmospheric neutrinos as well as the accelerator experiment LSND 
(for an overview see fig. 4 ). * 
e· 
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FIGURE 3 Schematic represenlation of the two complementary processes needed to sol ve the 
neutrino mass puzzle, neutrino oscillations and neutrinoless double beta decay 
* It should be stressed that besides neutrino oscillations also new interactions beyond the 
standard model rnay provi de solutions to some of the neutrino anomalies, see [ 17] 
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FIGURE 4 Summary of neutrino anomalies. The solar neutrino deficit can be solved within the 
light blue regions of the small mixing and large mixing MSW oscillations, and the vacuum 
oscillations (at Lim2 - 10-9 - 10-10 eV2, noi shown in the figure). Only the large MSW solution 
is directly testable by KAMLAND. In the atmospheric favored region (light green) Yµ - V0 
oscillations are excluded by CHOOZ. The K2K and MINOS experiments will test for Yµ ~ v, 
oscillations. The favored region of LSND is shown in light blue and can be tested in pari by 
KARMEN and in total by MINIBOONE. Also shown is the sensitivity of GENIUS 1 ton and 
GENIUS 10 t or comparable double beta decay projects to v0 ~ Yµ,r,s oscillations. The lines 
correspond to (from above) mv)mv,,,,,, = oo , 0.01,0.1,0.5 (background from [27]) (see [25]) 
• 
• 
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A deficit of the number of solar neutrinos [ 12] being expected has been 
confirmed in many experiments [13] after the pioneering Chlor experi-
ment [14] of Ray Davis in the Homestake mine. Moreover, the reduc-
tion of the neutrino flux in the different experiments seems to be 
energy dependent. The oscillation mechanism ofthe solar ve in (as nor-
mally assumed) v µ * may be induced via two different mechanisms. 
The usual neutrino oscillation mechanism (vacuum oscillations) 
requires maximal mixing. It also suffers from the fact, that an energy 
dependent suppression of neutrino fluxes requires the oscillation length 
to be comparable to the distance earth-sun. An alternative solution has 
been suggested by works of S. Mikheyev, Alexei Smirnov and L. 
Wolfenstein [15]: Resonant conversions, which are triggered by matter 
effects in the solar interior implying a level crossing of mass eigen-
states, can cause the neutrino deficit. In this case both small as well as 
large mixing are allowed. The different solutions of the solar neutrino 
experiments correspond to different combinations of mass squared dif-
ferences .tlmi2 and mixing matrix elements Ui2 • They will be tested 
by ongoing and future experiments such as Super-Kamiokande, SNO 
and BOREXINO [18] in the next years t. Vacuum oscillations should 
lead to seasonal variations, the small and large mixing MSW solutions 
should have different imprints on the energy spectrum and its 
day-night effects. For the case of the large mixing MSW solution a dis-
appearance signal in the long baseline reactor experiment KAMLAND 
[21] just under construction should be observed. 
A similar effect has been observed in atmospheric neutrinos [20], 
which stem from the decay of the pions produced from cosmic ray 
interactions in the upper atmosphere and the following-up decays. 
Here Super-Kamiokande obtained a high precision result of a deficit of 
muon neutrinos compared to electron neutrinos. Even more convincing 
is the distortion observed for the zenith angle dependence of the muon 
neutrino flux, which provides a strong hint for Vµ ~ Vi; oscillations 
with maximal mixing and information about .tlm~3 and U:f3 [1]. 
Future long baseline experiments, K2K (already running), MINOS, 
and CERN-Gran Sasso [21], looking for oscillations in accelerator pro-
* An alternative would be a fourth sterile v,,, see section 7 
t If one allows for larger confidence belts a third MSW "LOW" solution appears, which 
can be tested via its strong day-night effect at low neutrino energies, observable at BOREX-
INO, LENS and the double beta and dark matter detector GENIUS (see below) [19]. 
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duced neutrino beams over distances of severa! hundred kilometers 
will provide a check of this result by directly looking for v, appearance 
and have the possibility to search for small contributions of ve -t v, 
oscillations. 
• Also an accelerator experiment, LSND, has reported evidence for ve -
vµ neutrino oscillations. However, this evidence is generally under-
stood as the most ambiguous. The KARMEN experiment has excluded 
a large part of the favored region of LSND. Since only two experimen-
tal evidences may be fitted with only three neutrinos, the LSND result 
would require the existence of a fourth, sterile (i.e. not weakly interact-
ing) neutrino (see section 7). A decisive test will be obtained from the 
MINIBOONE experiment [16). 
3. NEUTRINOLESS DOUBLE BETA DECAY 
Double beta decay (Ov~~) corresponds to two single beta decays occurring 
in one nucleus and converts a nucleus (Z,A) into a nucleus (Z+2,A) (see 
fig. 3). While the standard model (SM) allowed process emitting two 
antineutrinos 
(2) 
is the rarest process observed in nature with half lives in the region of 
1021 - 24 years, more interesting is the search for the lepton number violat-
ing and thus SM forbidden neutrinoless mode, 
(3) 
which has been proposed by W.H. urry in 1939 !22J. Ln lhis case tbe neu~ 
trino i. exchanged between Lhe vcrticcs sce fig. 3 a process being onJy 
nllowed if the intcrmediate neuLrin ha a M<~joraoa mass. Neut.rinolcss 
d uble bela dccay, when observed, ulso do s noL m asurc dircctly t.he neu-
trino mass. Sin e Lhe neutrino in Lh propagatur is onl.y virtuu.I, il focs n l 
have a definite mass. Propagating in the nucleus is the flavor eigenstate 
with the so-called effective neutrino Majorana mass 
(m) = L \Ue1\2ei<Pjmj 
j 
(4) 
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which is a function of the mixing angles Ue.i• complex phases r/>j, which 
allow for cancellations of the entering masses, and the neutrino mass 
eigenvalues. This quantity has exciting connections to the observables in 
neutrino oscillation experiments. The most stringent limit on this quantity, 
(m) < 0.35 eV, is obtained by the Heidelberg-Moscow experiment [23), 
which was initiated by one of the authors (24) and is running since 10 
years in the Gran Sasso underground laboratory in Italy. An impressive 
breakthrough to 10-2 - 10-3 eV could be obtained realizing the GENIUS 
project proposed in 1997 [25], operating 1-10 tons of enriched Germa-
nium directly in a tank of 12 m diameter and height filled with liquid nitro-
gen. 
How are the results in double beta decay and neutrino oscillations 
related? In a recent work (26) the authors of this article in collaboration 
with Alexei Smirnov from the ICTP Trieste were studying the relations of 
the neutrino oscillation parameters and the effective Majorana mass in the 
severa! possible neutrino mass scenarios and settled the conditions under 
which the neutrino mass spectrum can be reconstructed with future 
projects (see fig. 5). In the following we will concentrate on three extreme 
cases as examples, the hierarchical spectrum, the degenerate scheme and 
the inverse hierarchical scheme. 
4. HIERARCHICAL SCHEMES 
Hierarchical spectra (fig. 6) 
(5) 
can be motivated by analogies with the quark sector and the simplest 
see-saw models. In these models the contribution of m1 to the double beta 
decay observable (m) is small. The main contribution is obtained from m2 
or m3, depending on the solution of the solar neutrino deficit. 
If the small mixing angle solution is realized in solar neutrinos (i.e. small 
ve - Vµ mixing), the contribution of m2 is small due to the small admixture 
Ue2· The same is true for vacuum oscillations, where Ue2 is maximal but the 
mass of the second state is tiny. In these cases the main contribution to (m) 
comes from m3. The contribution of the latter is shown in fig. 7. Here lines 
of constant (m) are shown as functions of the oscillation parameters ~m2 13 
r 




FIGURE 5 Schematic views of three experiments which will provide important complemen-
tary pieces of information about the neutrino mass. The Super-Kamiokande neutrino oscilla-
tion experiment, the GENIUS double beta decay project [25] (successor of the 
Heidelberg-Moscow experiment) and the Planck cosmic microwave satellite [28) 
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FIGURH 6 Neulnno mns,;cs oiid mixings 111 lil c scheme with mass hierarchy, shown is the 
exomplc or smul l ,~olar 11c1111·i11() mixing. Culnured bars correspond to flavor adrnixtures in the 
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FIGURE 7 Double beta decay observable (m) and oscillation parameters: The case of hierar-
chical schemes with either the MSW srnall mixing solution or vacuum solution. Shown is the 
dominant contribution of the third state to (m) which is constrained by the CHOOZ experi-
ment, excluding the region to the upper right. Further informations can be obtained from the 
long baseline project MINOS and future double beta decay experiments [26) 
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and U 13, parametrized by sin
228 13. The shaded areas show the mass 
m 3 ~ J .6.mi3 favored by atmospheric neutrinos with the horizontal line 
indicating the best fit value. The region to the upper right is excluded by the 
nuclear reactor experiment CHOOZ [29], implying (m) < 2.10-3 eV in the 
range favored by atmospheric neutrinos. Obviously in this case only the 10 
ton GENIUS experiment could observe a positive Ov~~ decay signal. A 
coincidence of such a measurement with a signal of ve~ Yr oscillations at 
MINOS and a confirmation of solar vacuum or small mixing MSW oscilla-
tions by solar neutrino experiments would be a strong hint for this scheme. 
If the large mixing solution of the solar neutrino deficit is realized, the 
contribution of m2 becomes large due to the almost maximal Ue2• now. 
Fig. 8 shows values of (m) in the range of the large mixing angle solution 
(closed line). The almost horizontal lines correspond to constant day-night 
asymmetries. A coincident measurement of (m) = 10-3 eV, a day-night 
asymmetry of 0.07 at future oscillation experiments and a confirmation of 
the large mixing angle solution by KAMLAND would identify a single 
point in the large mixing angle MSW solution (in this example near the 
present best-fit point) and provide a strong hint for this scheme. 
5. DEGENERATE SCHEMES 
Degenerate schemes (fig. 9) 
(6) 
rcquire a more generai (anù more complì.caLed) f rm of the s e-saw mech-
anism f30]. ne f their motivati n. i. also, lbal a large venili mass sca l · 
allows nc{ltrinos L be osmolo •ically signili ant. Neutrinos with an uvcr-
a ll m•1ss. cale of a few e V cou ld play an importanl r le as "hol dnrk mat-
ter" componenl of Lhe univcr. e. When structurcs werc form d in thc early 
univer ·e, overdcnse regi ns of (co ld dark maucr provide th sceds of the 
lar •e scale struclure, which later formcd galaxie. and ·lusters. A mali 
"hot" (relativistic) component cou'ld p1· v nl an overproduclion of stnic-
tuxe al small scales. Sinc stmctw-es redshift ph tons, thls shouJd imply 
also impri11ts on Lhe cosmic microwave background ( MB), which e ukl 
b m usured by the future satellite cxperiments M/\P and Planck [ 1 J. 
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FIGURE 9 Neutrino masses and mixings in the degenerate scheme, here the ex.ampie with 
large solar neutrino mixing 
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In degenerate schemes the mass differences are not significant. Since the 
contribution of m3 is strongly bounded by CHOOZ again, the main contri-
butions to (m) come from m1 and m2• The relative contributions of these 
states depend on their admixture of the electron flavor, which is deter-
mined by the solution of the solar neutrino deficit. 
In fig. 10 lines of constant double beta decay observables (solid curved 
lines) are shown together with information from cosmologica! observa-
tions about the overall mass scale (horizontal lines). Shown are best fits to 
the CMB and the large scale structure of Galaxy surveys in different cos-
mologica! models as well as the sensitivity of MAP and Planck. E.g., a 
ACHDM model with a tota! Qm = 0.5 of both cold and hot dark matter as 
well as a cosmologica! constant, and a Hubble constant of h = 0.6 would 
imply an overall mass scale of about 0.5 eV. However, the contributions of 
different mass eigenstates are in the same order of magnitude and may 
canee!, now. Assuming a mixing corresponding to the best fit of solar large 
mixing MSW or vacuum oscillations this yields (m) = 0.2-0.5 e V, just in 
the range of the recent half !ife limit of the Heidelberg-Moscow experi-
ment. If even larger mixing turns out to be realized in the solution of the 
solar neutrino deficit, this allows for a larger cancellation. A coincidence 
of the absolute mass scale reconstructed from double beta decay and neu-
trino oscillations with a direct measurement of the neutrino mass in tritium 
beta decay spectra or its derivation from cosmologica! parameters deter-
mined from the CMB in the satellite experiments MAP and Planck would 
prove this scheme to be realized in nature. To establish this triple evidence 
however is difficult due to the restricted sensitivity of the latter 
approaches. Future tritium experiments aim at a sensitivity down to 
0(0.1 eV) and MAP and Planck have been estimated to be sensitive to 
L mv = 0.5 - 0.25 eV. Thus for neutrino mass scales below m0 < 0.1 e V 
only a range for the absolute mass scale can be fixed by solar neutrino 
experiments and double beta decay. 
6. INVERSE HIERARCHY 
A further possibility is an inverse hierarchical spectrum (fig. 11) 
(7) 
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sin220 
FIGURE 10 Double beta decay oberservable (m) and oscillations parameters: The case for 
degenerate neutrinos. Plotted on the axes are the overall scale of neutrino masses m0 and the 
mixing sin2 28 12. Allowed values for (m) fora given m0 correspond to the regions between 
m0 and the corresponding curved line. Also shown are informations which could be obtained 
from cosmologica! fits (see text) and the expected sensitivity of the satellite experiments 
MAP and Planck. A value of (m) = 0.1 e V in the case of small solar neutrino mixing would 
be in the range to be explored by MAP and Planck [26] 
where the heaviest state with mass m3 is mainly the electron neutrino, now. 
lts mass is mainly determined by the atmospheric neutrinos, m3 = 
m 3 '.:::' J Lim~3 • Thus for the case of the small mixing angle solution one 
gets a unique prediction of (m) = (5-8) · 10-2 e V, which could be tested by 
the 1 ton version of GENIUS. For the vacuum or large mixing MSW solu-
tion cancellations of the two heavy states become possible and (m) < 8 . 
10-2 e V. A test of the inverse hierarchy is possible in matter effects of neu-
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FIGURE l l Neutrino masses and mixings in the scheme with inverse hierarchy. Shown is the 
example with large solar neutrino mixing 
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FIGURE 12 Neutrino masses and mixings in the four neutrino scheme, shown is the example 
with small solar neutrino mixing 
trino oscillations. For this case the MSW level crossing happens for anti-
particles rather than for particles. Effects could be observable in long 
baseline experiments and in the neutrino spectra of supernovae (32]. 
7. FOUR NEUTRINOS 
Sterile neutrinos, which do not couple to the weak interactions, can easily 
be motivated in superstring inspired models: multidimensional ~andidates 
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for a final "Theory of Everything", in which the fondamenta! constituents 
of matter have a string rather than a particle character. Such theories could 
accomodate for additional neutrinos in different ways. Examples are 
extended gauge groups, fermions living in extra (compactified) dimen-
sions as well as a mirror world, which contains a complete duplicate of 
matter and forces building the uni verse, interacting only via gravity. In the 
latter case (m) == 0.002 e Vis predicted [33]. 
lf the four neutrinos are arranged as two pairs of degenerate states 
(mainly ve - vs for solar and vµ - v, for atmospheric neutrinos) separated 
by a LSND gap, all three neutrino anomalies can be solved and the two 
heavy states can account for the hot dark matter. The main contribution to 
(m) comes from the heavy states, then, and can be derived from the LSND 
result. Depending on the phase of these two contributions (m) can be as 
large as 0(10-3 eV). A strong hint for the scheme would be a coinci-
dence of the flm2 favored in LSND and possibly MINIBOONE, cosmo-
logica! observations and double beta decay, together with the discovery of 
sterile neutrinos in solar neutrino oscillations by SNO. 
8.SUMMARY 
The recent years brought exciting developments in neutrino physics. Neu-
trino oscillations have finally been confirmed in atmospheric neutrinos 
and at the same time double beta decay experiments realized for the first 
time a sensitivity, leading to strong implications on the neutrino mass 
spectrum and cosmologica! parameters. After this particle physics now 
seems to enter its "neutrino epoche": The neutrino mass spectrum and its 
absolute mass scale offer unique possibilities to provide crucial informa-
tion for cosmology and theories beyond the standard model. Only both 
neutrino oscillations and neutrinoless double beta decay together have the 
chance to solve this neutrino mass problem (see also, e.g. [34]) and to set 
the absolute scale in the neutrino sector: If the solution of the solar neu-
trino deficit and the character of hierarchy (director inverse) is determined 
in neutrino oscillation experiments, the following informations will be 
obtained from a future double beta decay project: 
For the case of direct/normal hierarchy, a confirmation of the small mix-
ing MSW solution would mean: If double beta decay would be measured 
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with (m) > O. I e V this would establish a degenerate spectrum with a fixed 
mass scale. If (m) is measured in the range (0.5 - 3) · 10-2 e V a partially 
degenerate spectrum, m 1 = m2 << m3, with fixed mass scale is realized in 
nature. For (m) < 2 · 10-3 e V a hierarchical spectrum exists in nature. For 
the large mixing MSW solution a value of (m) > 3 · 10-2 eV implies a 
degenerate spectrum with a region for the mass scale determined by the 
solar mixing angle. For (m) < 2 · 10- 2 e V a partially degenerate or hierar-
chical spectrum is realized in nature and a region for the mass scale is set 
by the solar mixing angle. If (m) < 2 · 10-3 e Vis measured the spectrum is 
hierarchical. If vacuum oscillations are the correct solution for the solar 
neutrino deficit a value of (m) >3 · 10-2 e V implies degeneracy, (m) > 2 · 
10-3 eV partial degeneracy and (m) < 2 · 10-3 eV hierarchy, but no infor-
mation about the absolute mass scale is obtained. 
For the case of inverse hierarchy the situation is more predictive. For the 
small mixing angle MSW solution (m) = (5 - 8) · 10-2 e Vis expected. For 
large mixing angle MSW or vacuum oscillations one awaits (m) < 8 · 10-2, 
above this value the scheme approaches the degenerate case. 
In four neutrino schemes (m) can be as large as 0(10-3 ) e V. A conin-
cidence of a double beta decay signal with the !1.m2 favored in LSND and 
possibly in MINIBOONE, an imprint of neutrinos as hot dark matter in the 
CMB as well as the discovery of sterile neutrinos in SNO would prove the 
scheme and fix the mass scale. 
This outcome will be a large step both towards the understanding of the 
evolution of the universe and towards the dream of a unified theoretical 
description of nature. We are entering an exciting decade! 
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